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SUMMAM

Thi8 report pre8ent8 the rwdta qf an estenaion to
higher angles of atiack of the inred”gatbn dewribed in
Reference 1, of tha @ling and wwing momantg due to
ailerona qfmwi0u9 Aonh and 8pan8 on two airfoi18 having
the Clark Y mu! U. & A.. 27 wing aectiom?.

27ie measurement were made at rarioua anglea qf
pitch but at zero angle. of roll and yaw, the w“ng chord
leing aet at an angie qf- +4° to th; fi8efag6 28. -

Fmum L-Dtmmdmed dmwklcafnlodd

the caae of the Clhrk Y ~m”i the meaauramenta hate
bean attended to a pitch angb of 40°, wing ailarone qf
span equal to 67 per cent ~ the w“ng aemiapan and
chord equal to M and SO per C@ @ the wing chord.
It h plumed hder to dend the hwdigation to hhg6
momenta of th6 aiferona for the conditi.cm cawed in
th~ rofling and wwing moment teata.

The umrk WU8 conducted in the 10#oot wind tunnel
of the Bureau qf Stan&rda on wing modeb of $0-inoh
8pan and I(kinclb ohord.

INTRODUCTION

The work waa oontinued through the ooopemtion
of the Aeronauttica Bramh of the Department of

+ Commerce and the National Advisory Committee
~ for Aeronautics, for the purpose of furthering the
: Imowledge of the rolling and yawing momenta due

to oonventiionaI aikrona on some representative,
~ American wing sections.
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DESCRIPTIONOF APPARATUSAND MODELS

A det.aiki description of the apparatus and xuodeIs
ie given in Reference 1 aud a dimensioned sketch
of the modeI is shown in F- 1. The proflks and

—..

..-

cmrdinaiea of the wing aeotions u9ed are given in
F- 2, and a aketoh of the meth@ of mouuting
the modeI in the tunuel iu Figure 3.

AIUtANGEMENTOF BALANCES

A aketoh of the balance arrangement is show in
Figure i3. The model was supported”in the tumel so
that the Iea&ng.edge of the wing was vertkal apd the
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rolling and yawing forces read on bslanw of the pen-
dulum type. The roll and yaw force wirsa were kept
normal to the wind stream.

METHODOF OE8ERVATION

As before, simultaneous measummenta of the tension
in the roll and yaw balsnoe wires were made at speeds
of 40, S8.7, and 80 feet per sscond (rmpeotively, 27.3,
40, and 64.5 miIm per hour). Observations were made
at a sufEeientnumber of aileron angleato detemine the

eharacteristica of the curves. The ailerons were set to
the desired angle by the uae of metal templatsa and
were scoured by thin metal strips on the top and bottom
of the wing (dg. 4), W-it w- found that the stiffnws of
the pins was not sutlioient to prsvent a change of the
aiIeron angle under the wind prassure,

EEDUCITONOF OBSERVATIONS

Small rolling and yawing form, Woh appeared to
be due h the drag of the balance wires and tQ a slight
migmunetqyof the model, were not%d at zero aiIsron
angle in all OSEW. Carreotion waa made for these forms
in the rdmtion of observations.

The rcmdts are expressed in the usual absolute
ooe%Ment8,nsmeIy: 1

L
Q’-gm

and CM=
5

where Ck and CHare the absolute rolling and yawing
moment eoefEoienta for one aileron.

L and N are respectively rolling and yawing mo-
menta in pounds-feet.
qO)fPP=O. 001189P .

b“wingspaninfeet
j=distanoe from center of rotation of model to end of

tail. (Nom.—Thk distanoe was chosen as oIosdy
representing the distanoe fmm the center of gravity
of the airplane to the leading edge of the elevator).

~-wing area in square feet (ohord length Xspan)
V=wiiid speed in feet per seoond
P-air-density= 0.002378 slug per oubio foot at 15° C.

and 76o mm. pressure
The reaulta are reduced to body axes as referenco

axea and the directions are conventional, a momont
tending to produce a olockwise rotation as viewed

from the pilot’s seat being ocmsidered positive. The
longitudinal asis is the axis of the fuselage, the axis
of yaw is perpendicular to the longitud.ind axis and
to the span of the wing, and the pitoh ask is parallel
to the wing span. The reduotion to body axes is
mado as follows:

Refii%& to Figure 3, the roll force resolved paralkl
to the axis of yaw is T~ 00S 8, where T= is the net
observed tion in the rdl wire @ 8 is the angle
of pitoh, The rolling moment is ATE 00S t?. Because
of he bol.ination of the roll wire to the pitoh plane, a
oomponent !l’Esin 8, having an arm A, enters into tho
eomp@tion of the yawing moment. The yawing
momaut, therefore, is seen to be –BTH+AT* sin 9,
Note “that an inarease in tbe yaw bslanoa reading
corrwponds to a-negative yawing moment aoaording

to the convention adopted; henee the minus sign.

I&ESULT8

The signs “md vahwa for one aileron given in the
tiblea and plots are for a single aileron on the right
wing tip. The combined vaIues were obtained by the
direct summation of the valusa for omresponding
aileron settings and are for the condition of right
aileron up and left aileron down. The refersnce axes
are body oxw with the origin at the,oenter of rotation
of the model.

Investigation having shown theJsde eilaots within
the speed range of th=e teata to be small, the use of
fah’ed CIU’VS9through d pointm rOpMM!lit& observed
values seemed justikl. The values of c., (?W,and
N/L given in Tablas I-XVI and Figures 5-47 were
read from the faired curv=c ..
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ROLLING MOMENT COEFFICIENTS FOR A SINGLE
AILERON

In Refeience 1 attention has been Galledto the fact
that when the fuselage axis is horizontal (angIe of
attack of wing +40), the rolling moment produced by
a given angular displacement of the aileron upward is
greater than that produced by the same downward
displacement. British tests (Reference 2), in which a
biplane cdl was used, show the same tendency but to
a Ieaserdegree. Figure 47 ahowe that the loss @ rolling
moment of the down aileronis considerably greatm than
that of the up aileron as the angle of pitch is increased.

I

M~ua~47~kYwinasmtiom Ckand CHvacusdlaon an@ativwIca
pltdlll@aofm-fuc31 npmlby MQdloMddlaLm

Fig&a 6, 1S, 26, and M ahow that the rolling
moment due to an upward displacement of the aileron
increases se the chord of the aileron is increased. The
eilect of the wing section is not great at an angle of
pitch of 8°; but at 12° the same aihwon &&pIacame.nt
&a a much greater rolling moment on the U, S, A.

“27 wing section, presumably because the Clark Y wing
section burbles at a somewhat lower angle of attaok
than the U. El. A. 27 section. The rding -moment
caused by a given upward displacement decreases
greatly as the angle of pitch inmeaaea. (Compare @.
47.) Figurw 7,17,27, and 87 show the effect of inoreaa-
ing the span of the aileron. The etlecta are of the same

---
nature as for incress@ ““chord, &cept that for the ““
da span the diilerence between the curves for the
two wing sections does not appear.

I?@urea 6,16,26, and 36 show the eflect of the chord
of the aileron on the rolling moment when the die-
placement is down instead of up. The same aileron
gives a greater rolling moment on the U. S. A. 27 see: .. .
tionJligure 6 shows that an increase of aileron anglo

beyond 24° has little effect on the rolling momant at
an angle of pitch of 8° for the Clark Y motion, Figure
26 s@va that the hit is as low es 8° when the angle
of pitah is increased to 12°. The limitations am not as
great for the U. S. A. 27 section, again presumably
because of the diilerence in the burbling angles of the
two sections. Figures 8, 18,28, and 38 show the effect
of span. The generaI impression of the whole family
of curves k that the downward motion is much less
eihctive than the upward motion in the production of
rolling moment.

The points for the aileron of 20-inch span and 2,6-inch
chord show a tendency to lie below the mrve indicated
by th?”remaining ailerons in Figures 6,0,16,10,25,26,
85, and 36. It b believed that this irregularity in the
results is to be attributed to the combined efkt of
~try ~ the model and asymmetry in the tunnel
ai.diow. It WW be recalled from Figure 1 that this

ailernn (a member of @e variable span group) h m QV . .

oppck wing tip from the variabIe chord group. !lle

rolling momant produced by a given angle of the aileron _

vark rapidly with the angle of pitch, as shown by
Figure 47, and a difference in angle of attack of the
wing tips of approximately 1° wotdd account for the
obserwd resuh. It is known that there is a small
rotation of the air stream in the tunnel in the proper
dir@ion to account-for the observed irregularity. .
YAWING MOMENT CORFPICIENTS FOR A SINGLE

.WRON

The yawihg moment tiefficients are shown in the “‘

mime figures as the rolling momant coe5cienta. Thus
-6, 15, 25, and 35 show the yawing moments
produmd by upward @splammenta, Figures 6, 10, 2(I,
and 36 by downward diaphuxunente for the vtiable ,
chord group, Figures 7,17,27, and 37 ahow the yawing
moments produced by upward diaplacements, and
_ 8, 18,28, and 38 by downward displacements
for the vanable span group, The curves show an ap-
pro@mateJy linear increase in yawing moment coeffi-
cient with increasing chord or span. In all meea the
yawing moment cod%eients for upward displacements
are qnnaiderabIy less than for eorreeponding downward

displacements. For a large range of aikon angles tho

upward displacement produces a negative yawing
moment, corresponding to a decreased dragon the wing

tip, after which the ya~~ moment bccamcs poeith.

The” maximum negative yawing moment cmflicient
obsemed is of the order of 0,010. @g. 25.)
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The angle of the aderon at which the yawing moment
coefficient produced by the upward diepIacement is
again zero decreases with increasing aileron chord for
a given angle of attack of the wing and increases with
angle of attack for a given aileron. (Tables I, II,
III, IV, IX, 1, XI, and XII.)

The general impression deriml from the yawing
moment curves is that the upward disphuwmenb
produce much smalleryawing moments than the down-
ward displacements.

RATIO OF YAWTNG MOMENT TO BOLIJNG MOMENT
FOR A SINGLE ~=ON

The ratio of rolling moment to yawing moment pro-

duced by the aiImns is often rolled the diciencg of

the ailerons. In order ta avoid infinite vah.ws, we

prefer to invert the ratio and use the ratio of yawing

moment to rding moment. The most efkotive aile-

rons in the sense of producing the least yawing moment

for 8 given roiling moment are the ones ha- the

emakat value of this ratio.
Fiies 11, 12,21,22,81,32,41, and ~~ ShOW VSkS

of this ratio for the aingle ailerons. It is seen that the
ratio is greatest for the downward dispkceinents and
that the mduea increase in general with inmeasing
chord and span of the aileron, with increasing angle of
the aiIeron, and with incmaaing angle of attack of the
wing. For upward displaoementa the VSIUSSchange
sign and are in generaI small. Thus the upwd, dis-
placement giws greater d%ctiven~.

For angIea of attack beIow the angle of maximum
lift the decrease of efteotiveness (increase of the ratio)
for dowmrard displacements is greatar for increming
chord than for increasing span. At hrge angke of
attack the Mhrencea are hss marked than at low
angk?s.

The effectiveness decreases more rapidly with in-
creasing aderon angle at the higher angles of attack.

COMBINEDCOEPFKTENTS

From the tabha end curves the coefhients for any
combination of displaoaments of ailerons on the two
wing tips may be computed. The values for equal

displacements, with right aileron up and M% aikron

do- are gken in Tables V, H, VII, VIII, XIII,

XIJr, XV, and XVI, and in F- 9, 10, 19, 20, 29,

30, 39, and AO.

The increase of the chord of the ailerons for the
purpose of increasing the rolling moment has less
and 1sssadvantage as the angle of attack is increased.
In the. neighborhood of the angle of masimum Iift
the effeot of increming the aileron ohord 2.33 times
at 20° aileron angle is to increase the rolling moment
onIy 40 per cent in the case of the Clark Y airfoil
and 88 per cent in the mm of the U. S. A. 27 airfoil.
The *um yawing moment coeflicknt observed
ia of the order of 0.060.

;

Tabl- V, VI, VII, VIII, XIII, XIV, XV, and XVI
also contain valuea of the ratio of yawing moment
to ding moment for the aikona c~bined Wd.
_ 13, 14, 23, ~, 33, 34,43, and 44 ShOW these
values. The vahm are somewhat irreguk, but the
el%otiven- of the same aileron is clearIy greater on
the U. S. A. 27 section. For both wing eeotions the
e&ctiverMs in gmerfd increases With increasing
ohord of the aikmm at an angIe of pitoh of 8°, wide
at an angle of pitch of 12° the ektiveness reach=
a maximum for the aileron of 3-inch ahord. In the
variable span group the effectiveness tenda to decreme
with en inoreaee of span. .

MEASUREMENTS AT ANGLES BEYOND THE ANGLE OF
MAXIMUM LD?l!

The observations have been carried to angles of
pitoh up to 40° in the case of the CIark Y airfoiI,
using ailerons of 204noh span by 2-inch and 3-inch
chord. Figures 46 and 46 show a part of these reeuI@
namely, the rding and yawing momenta produced
by an deron displacement of, 20° for an upward
displacement of one aileron only and for equaI upward
and downward dispIacementa of both ailerons. It
will be seen that the vtdue of the rolling moment
coefE&nta reaches values between 0.010 and 0.020
at an angle of pitih of 40° (angIe of attack of wing,
440). F- 47 shows the results for the 20-inch
span by 3-inch chord aileron. Table lCWI gives the
vrduss plotted in Figures 45 and 46.

SUGGESTEDUSEOFUPWARDDISPLACEMENTSALONE

The read@ of the investigation indicate wry definite
aerodynamic advantages in the use of upward dia-

placementa done-i. e., the use of a cam or other

mechanical device which would retain the normal

down moving aikron in the neu@al position vdde dis-

placing the other aileron upward. While not to be

compared to the use of the slot-and-aikrcm lateraI ccm-
trol in effectiveness, the meohanhal complications are
not as great.

_ 46 ~d 46 ilktrate the very great reduction
of the undesirable yawing moment. Quoting from Ref-
wence 3: “The yawing moment is of importance not
ody because it must be bakmced by the usc of the rud-
der if a straight course is to be maintained, but also be-
cause the yawing action of the aiIeron has an indirect
tieot directIy opposed to that of the ding moment

from the same source. If, for exampte, the right wing
of an airplane,is low, the normal maneuver in raising
it and restaing the wings to the horizontal is to pd
down the right deron and pdl up the one on the left,

. T
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giving a nqgative ding moment. In @neral, how- - _
ever, this movement of the ailerons prodaces a posi-
tive yawing moment, tending to cause the machine

.—

to turn to the right; and if unopposed the reeulting
—

turn to the right will create a positive rolling moment
-=
.—
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proportional to the positive vahm of ~, the rolling

moment due to yaw. L has a positive vake, it will

be ramembared, because of. the difference of lift be-
tween the two wing tips moving at difhrent speeds
when the machine is turning.’ This yawing- action
becomes especially important at high anglesof attack.”
When upward travel ordy is employed, the yawing mo-

ment is greatly reducd, and with a sufficiently large
aileron travtd (20° to 30° at stfdl,30° to36° beyond stall)
can be reversed in direction so * to assist the turn.

Aa ag&inst this very great. advantage there are, of
course, certain disadvantages, The rolling momenta
due to upward travel alone are lws than those due
to two ailerons combined, and it is necesa~ to use
huger ailerons or greater aileron traval, or possibly
both. For purpose of iJIust@io~ let us suppose that
the aikron of 1(1-inchspan by 2.&inch chord on the
C1ark Y wing section is regarded as satisfactory when
used combined in the conventiomd mannar with a
travel of &32°, Table VI shows that the rolling
moment coefficient at maximum traval at an angle of
pitch of 8“ is 0.069~ the yawing moment caeflicient
-0.0226. The rol.b.g momcmt cdbient at 12° pitch
(Table XIV) is 0.0446, the yawing moment coef6cient
-0.0260. Table X shows that a rolling moment
coefficient at 12° pitch of 0.0600 could be obtained
with the upward trayeI of one,aileron of we same,chord
and moving through the same angle, but of 20-inch
span, with a yawing momcmt coefficient of +0.0010,
i. e., revmmd in sign. The yawing moment coeffi-
cient doea not exceed -0.0095 in the range of travel
of the aileron. At 8° pitch under the same conditions
the rolling moment cmftlcient is 0.0662, the yawing
moment coticient +0.0082. . (Table II.)

From the same tables it can be seen that an aileron
of 16-inch span by 2Ji-inch chord at the same upward
displacement wiU give at 12° pitch a rob moment
coeflkient of 0.0460 tith a yawing moment codkient
of +0.0010 and at 8° pitch a rolling mommt coef@ient
of 0.0660 with a yawing moment cod%cient of +0.0068.
This aileron would give satisfactory roll at 12° pitch
and 80 per cent of the desired rolling moment at 8°
pitah, both with ayawing force which will tmd to heIp
the rolling force,

Other possibilitia suggest themselves from the
tables. It is necessary to study the hinge moments,
and meaaurementa of hinge momenta are now in
program The use of the upward motion rdone iS not
suggested. as a remedy for all the disadvantageous

COMhttiE FOR A.EkRONAUTICS

features of the usual control, but as a step in the
direction of better control at low speeds which is
worthy of study on fuhcale airplanes.

CONCLUSION

It is not possible to trace general reIations which are .-

applicable to both wing sections at all angles of attack.
For this reason no detaiIed statements of the eihct
of varying chord and span, of angle of attack, of wing
section, eto., is attempted. We do wish to mention
that while one aiIeron of a given chord and span at a
given angular displacement gives almost the sam roll-
ing and yawing moment on the Clark Y and U.S.A. 27
wing @?ctLma,the diflarencea are sufficiently great and
add up in such a manner that the ratio of rolling mo-
ment to yawing moment produced by the usual com-
bination of two aikmma is from one and on*half h
two times as great on the U. S. A. 27 section as on tho
Clark Y section. Finally, the use of ailerons which
move cmly upward prments advantages which mako
this @pe of control worthy of further study. The
design of a mechanism which til give motion of _

the proper aileron upward with absolutely no motion
of the opposite aibron is a difEcult mattw and in
practice it would be easier to combine a large upward
movenmnt of one aileron with a small downward
movemsnt of the other. The result is. an extension
of the well-known differential aileron ta as large ratios
of up travel to down travel as may prove feasiblo
mechariicdy. While this type of control is not quite
& advantageous as one in which there is no downward
movement, it still has advantages over the canvon-
tional control. .-
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TABLE IV.—U. S. A. 27-WING SECXHON-Ch Ci; AND iV/L FOR ONE AILERON
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. ..—
..+
.=..-—-
—..

- ..,--..-—. ,
..=_—

...~
.-
=- -y

- ,...—-.—
.._-.—

-.-

..=
-.=

.:
-
~-

.—
..-

-=-
-~

..-=-—
-L.-
.-

—-
--$E

.mo

.-

.Omo

.Oam

.-

.04m

.Om

.04m

.m16

a
-.mla
---
-.-
- 0U4
-. m
-. ma
-.0145
~.olm
-.Olm
-. W
-. mm

$’:=
.mm
.mo
.mo
.Imo
.Wm
mm
.Ouw
.Oim
.Oam

.--=
-
--L

.... =
-—

-. -

-.

-=.—
,. —.-

- —— ,-
. . - ..=

I -RON C!EORD.,DWHES (30 FEE CENT OF WING OHOED, [

.

-...,=
_-.-. .
-=--

.-&&
.Om
.mn
.Om
.MB1
.mno
.Olm
.0790
.Uim
.mm

g
-. Olm
-am
-.olls
-. mm
-. 014s
-.mls
-.Olm
-.olm
-. Mm
-. mm
-. ml

+!m
.OIM

g

:E.-
.W
.mm
.Om 1
—=am

-am
-. 74s
-am
-.99

-L 070
-L 17S
-Lam
-L 646
-L S52
-Z410

.

I 1 I I I f I I
IA.UiEBON OHOBD, L6 INCHES (&i PEE CENT OF ~Q CEOED) ,

1 A@mmup AJIemldwn “1
Ci I Cx N7L

I

o
-.-
-boom
-. mm
-.olm
-.o1o1
-. mm
-.anl
-.rml
-.mia
:i&

;:X&r
.m
.mlo
.mm
.Wo
. ocm
.W
. ma
.mm
.lmo

..—.-

- -.
.C
,. .-

. . ..

-—
=.-—-_.. .

.-
-=
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TABLE X.-CLARK Y WING SECTION<~, CH, AND N/L FOR ONE AIIXRON
[varYhutwld*. Anaie”dMO1lOfd@?Y%+lmu@oc*Mkdwlll&+16’;Ulcledmw,o%@aof*(P]

m~ -*to OttJxIklltarlaftalla’Oq*ti* tOulerlgllt*c lqL-au7cdc%l

AILERON CHORD, 2.5 INCHES (!26PER CENT OF WING CHORD)

.

Aamoll Ull

J8. c& aE NW

Aikon down

m I
a.

.-----

$’:Ail&
.OMd
.mm
AI&

.ma

%!
,ma
.Mo

o
-. ma
-.mo
-. m
-. w
-. mm
-. m
-. Wlo
+:Axl&

:E

. .....
+11

-. w
-. ON
-. 0s4
-. MO
-. ma
+:=

:!%

0
- -am

-. m
-. am
. .Olw
-.0110
-. Olla
; pl17

-.0110
-. Olad
-.m

“o
+. W40

.Om

.0110

. Oldo

. Oml

.0216

.W8

.-.

.(WO

:%

.... .....
-aM
-. am
-. md
-em
-. m
-. m

---%
-L 176
-L ~
-L=

I 1

AILERON SPAN, M INCHES @J PEE OENT OF WING 8BMK9PAN)

Alkron Uv” I Albron down

a. CL

&m
.Om
.OIM
.mo

:E
.Ow
.04m
.04w
.OM
. Osla

CR

.... ......
-am
-. mo
-. w
-. la
-. m
-.048
-. m
+: g

. m

. I@
, , A ,, , 1

AILEEON SPAN, m INCHBS (67 PEE UENT OF WING SBMLEPAN)

, AUWQI Up

a. I a, I Cx I WL

.$.0076.Olao
.Om
.GcaJ
.=
.04m

:%%
.Oaw
.m
.IMaa

o
-. Olno
-, m
-. m
-. mm
-. m
-. Owa
-.M48
+.wlo

.ma

.Wm

.Oua

.——
-o. n!z
-..

-. la
-. ml
-.078
-.040
-ham

.048

.m

.Wa

0
-. OMo
-. cm
“-. O11o
-. mu
-.0119
-.0111
-. Olm
:.

-. m
-. 0ai9

$:=
.0170

:=
.0s3s
. ml
. M47
cm
.am
.0S19

..—-..
-am
-.dm
-.648
-.770
-.wa

-L S59
-L lW
-L HI
-% w
-z m
-% m

●
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.—

—

.——

AILEROX CHOED, Lb INCHES (IS PEB CENT OP WING CHOBD]
.:

- .-
.+
:-

...U
,-

-=
.-

A5ron down

CL I Cs I NL

.=-
.—

.

-——
~EEON CHOBD, Z LNOHXE @l PEE OENT OF WING OHOBD)

Allemnnp I - down
--*.[ CL

-L=
o r-.mo -am

-.mbe -. Uo
-am -. W7
-.00159 -. m
-.- -. m
-. Ooka -.045
-am
+.. z!%

.0s4
.= .UIu
.Om .llm

o
-.M711
-.Om
-mm
-.OIm
-.mal
-.Ona
-. m
-ma
-luo
-.IE4S
-b IE45

&l&
.Olsa
.Om
.mm
:&%
.Oioo
.0140
.Om
.mm

-am
-.Mo
-.M4
-.4M
-.m
-arm
-. m
-no
-.*
Y&o
-.=

.._

I
AILERON CHOBD, a INCl~ @ PER OIW’P OF WING OHOED]

Alkmnxl I AIbmn down

I
8. c% cm WL a.”i CL

I I I I 1 1--1

es M%

+970
-.a49
-#m
-.aa
-749
-m

-7E
-Lnk
-L41S
-L 710

-—
.—

—

AUERON OHOBD, La ~CiKB9 @ PER OENT Or WING ffHOBD)

Ah UP Anamn down

.2

..-”
CL c% CL c%

&x#
.msn
.Om
.Olno
.mn
.Oisa

:!%
.Waa
.W96

o
-.OoM
-6=
-km
-.Uo
+:gg

.OIm

:%

:!%

&omo
.01a6

:%i!
.Ow
.Ual

:=
.Mm
.OiM
.07m

4W
5149
-.C90
-m
+..

.Ua

.W7

:%
.174

——

__=
.-—

—:-_
“=

41~-14

.
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TABLE XIL—U. & A. 27 WING SE~ION-C&C~, AND ML FOR ONE AIZERON

mmumncddkrm A.nc14dsdtch0fdrp3me,+lri m@lafuu?kdwin&+le%u@4dmlf,@,m@sd*oq
INcnz-ThamluessppIy toaltluarlghta M_-~*Wh@h N7L-O.417Cda

AILERON CHORD, 2.5 “INCHES (26 PER CENT OF” WING CEORD)

~EEON SPAN, 10 INCHES (SSPEE CEN?C OF WING SEMISPiNJ

“Fa.

r
4“

1?

s
24”

12P
.Sr
w
w
44”

.—

An419nup I ~dwu

o“Al& -.mm
-. m

.Olm -. m

.mlo -. mm
,.ms4 -, m
,mm -. mm
.Ome
.mm -f.mm
.Oam .-

.mm
:%% .Olm

U .WL 8. cl,

. -..—. P
4. ml 49
-, lm
-. w 1$
-. m
-. m ~
-.m %“

$:Al& z
M“
4(F

:%! 44”

.!.m40
.ma
.Olm
.Omn
$%.-
mu
.m47
.m
.0404

.——.
-o. 4n
-.m
-. on
-. m
A UN
-.7M

--M
-LUS
yOJ

I AILERON BPAN, 15 lNCIHES (60 PER OENTOF WINO SEMISPAN)

AIkon UP - down

IL-I
8. CL CM LNp2 8. cl. . c~ Nj’L

4’:=
.Om

:%%
.04m
.0465
.04m
.04E9
.Olm
.W

o
-. mko
-. m
-. mm
-am
-.mo
-.oa
+.mu

.Oom

.m

.o1o6

.Olao

. ...—.
-am
-. la
-. Ml
-.111
-. w
-.om
+:jlJ

.071

.m

. lln

m
!?.M4d
r. Mm
-. ma
-.omd
-.0049
-. cm
-.oma
-. mm
-.m
-.C07S
“-.mn

&nm
.0110
.OI?u

:E

:%

:=
.04w
.Mm

AILERON SPAN, m INOHES (67 PER CENT OF W’IN~ SEMISPAN)

Alkron up I

$ $’.Omd
.Ora1$ :Ez .Mm

x“ .04m
w
W :E

.muo
% .mm
44” .mm

0
-. mm
-. cm
-. mm
-. Om9
-.m
-mm
-.m
+:lg

.0u9

.Olm

..—.—.
-o.m
-. ls7
-. m
-. Ce7
-on
-ma
-.OM
+.M7

:=
. IM

CL 1-C..

—

..-

.-

.
.:

.
. .-

,
..*

.-

. .
.-
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TABLE XIIL-CLARK Y WING SECTION-COMBINED Vmm OF CG CH, AND NIL WGHT NL=ON up,
L131T AILERON DOWNl —

.—

AILERON SPAN, 20 INCHES (67 PER CENT OF INING SEMIS

ULERON CHORD L6 ~-CHES
p I !%F&M%wm%wPEE CENT OF VhO CHOED

‘m

:

,

I

&6
m%
.Om
Am
.0456
.Ow

:E
.Mia
.W5
.Woe

o
-ml
-.o147
-mu
-.aaio
-.=
-.m?u
-.04U
-.(M45
-.0458
-.olm
-.0510

—-.-—
4.sss
-.:14
-.SoI
-.XS
-.nm
-.W
-.sm
---

-.C41
-.U8

&l&
.-
:E.-
.Uz7
.OaO
.Olm
.aua
.Mia

0
-mm
-mm
-.aza
-mm
-.WM
-.ONS
-cm
..0410
-.W
-.04M
-am

+s96
-al
-.=
-.aor
-.s
-.m
-Jo9
--
-.*
-.=
-so

.—

—
=--

AUEEON CHORD # ~OHES
PEE amrr OFRim cEoFtlr

UEBON CHORD U INUHE8
PEE UENT Or tit? CHOItf

a.
I

CL I IC.! ~L L I% c. WL
_-

0
-.0117
-.mls
-.02M
-mm
-.0410
---
-.0490
-.otao
=.st#

-.W

t
::%

.Cm6

.Oiw

.MM

.Om

.ma

.0m4

.Om

.W4a

.Ilm

0 r-.M4E -UW
-.m -.m
-mm -.4M
-.04m - 8i4
-.046s -ala
-.m -,=4
-.oual ---
-. Oslo
-.W -.m
-.W -.266
-.oiol -. m

i ..=
‘L.—

=..—

=. .-.

. TABLE XIV.—CIARH- Y ~’~ SECTION=COMBINED VALUES OF Cu CF, Am N/L @GHT ~~RON m,
LEFT AILEBON DOWN)

tv_sP=~@xuL =~~~m,+~~d -kof~+~;~~m,fi~~-~
wanlh7L-o.u7 Cufcia

AILERON CHORD, 2.6 INCHES (25 PER CENT OF WING CHORD)

.=

-.
—

:: gg

:%%
.mia
.Om
.Oua

:!%!
:%$

a
-.ims
-. m
-.0M6
-.OIM
-.-
-. m%
-. am
-bOm
-ma
-. mm
-.Caa

“w
4“

Is
Ie
w
a“
nr
aT
w
w
44”

$:=
.Olm
.W
.Q45B
.-
.0ta8
.W
.05m
.004a
.0n9a

o
-.W
-.Om
-.W
-.=
-. m
-.Cwo
-.Oom
-. m
-.0as4
-.0s76
-m

+%%
-an
-.N1
-.alo
-.ms
-.m
-.W
-. m
-.m
-ma

---
-am
-.Sla
-.Ua
-am
-.=
-.X8
-.=
-.=
-.m4
-. X9
-.9W.
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TABLE XV.-U. S. A. 27 WING SECTION-COMBINED VALUES OF C& CH, AND N/L (RIGHT AIIJ?RON-WP, LEFT
AILERON DOWN)

AUEI&ON OHORD ? INCHES
(Z PEE CENT OF Wh OHORD)

AILEBON CHORD 1.8 INOHES
(’I6PER CENT OF Wh CHORD)

a. CL

1

--

.=
a.

—

r
4“

1%
10”
*
9P
*
w
w
40?
44”

NL

.. . . . . . .
-o.lM

-. m
-.na
-. na
-.za
-ala
-.!m
-.=
-.197
-. U9
-.194

.,
.!:Al&

.Oala

.Ow

.Otm

.Owl

.am

.Ma4

.Wn

.mla

.Wa

0 .
-.Cml
-. Olmi
-.0198
-.0!a7
-.alo
-.0846
-.(S74
-. Wa4
-. m
-. m
-. m

.. .... . ..
<$7

-. lee
-. m4
-. ml
-.YU
-. m
-. Sm
-. m
-. m
-. U7

-
AILERON OHOBD 8.6 INOHES

(M PEE CENT OF WhO OHOFtD)
ULEEON OHOED 8 INCIHES

(&lPEE OPINTOF WfNQ OHORD)

7= a, CL
. —

o ..—.-..
-. w -QQ
-. m
-. cm -.m
-. m -.917
-. m -. E%
-. ma -.178
-. 04ca -.174
-. OaDa .lb4
-.m -. IM
-. Oam =.lg
-. cam

&
4“ $. w

.ImO
1$ . Oml

.0M7
z .07u
m“ .maa
w .mm
8P .OQaa
w .OEnl
w .1027
u“ . 107Y

.—----
+laa

-. ZM
-.246

4’.mm
;&u

:s
.Wla
.m
.lm
J&a

.1116

-. m
-. m
-. Ma
-. la
-. m
-. M
-.148
-. m

—

UP,

d

..—

—.. -

TABLE XVI.—U. S. A. !27 WING N3CTION-COMBINED VALUES OF Ch CN, AND N/L @QHT AILERON
LEIT’ AILERON DOWN)

IYw@sF-~*. A@of@~of_+W mofathokofdm+u~ andeofyaw, r;uw!eofro]~oq

[N09m-N7L-O.417 C#/ti

AILERON CHORD, 25 INCHES (N! PER CENT OF WING CHORD)

AILERON SPAN 10 INOHE8
PEE OENT Or ThlW 6EMISPA!?

.-.

a.

.,:
CL cEIW~lJ.lcLICM

.-
0 .-. —..

-.om -&aaa
-. ma -.aaa
-. ma -.W7
-. m -.lw
-. m -.!au
-. m -. ma
-.0!4s9 -. ml
-. am -.lm
-.0987 -.984
-. m -an
-. W -. am

$:pw
.ma
.ma
.0417
S&

.m

.W80

:E

o
:. .

-.0287

----m

-.U
-. Wm
-.W

=%6

......... .
-&W
-.W
-.404
-. aao
-#lo
-. m
-. ml
-. ml
-. m
-. m
-#O

4:%
.aaa
.Cms
.Me9
.aud
.Mm
.Wfo
.Om

:%i

---
—

--—

I
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TABLE XVII.--CLARK Y WiNG SECl!ION4~ AND C= FOR ONE AILERON

--~tm. -drew, F;e@etimu, @.l
mmx–mw*ww@tmMhwwe*wbmtQ

AILERON SPAN, 26 LVCEES (67 PER CENT OF WING SEMISP~

1> 1 11 r.
1
I Anaoncll@a *(al~cM$of*dl@

I AlkLmql I Akonumn

l&lCklCrl&lC’iCir

‘g +mi& ! &# 8“ -aa +-am

w .mu
w Ill-.0M6 s -.m’i

.OIsi I
:%%

w
-ma --mm .Oaio

.Ow -mm % -.om .UB
i I I I I I


